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(57) Abstract 



^unoglobulms specific for the polypeptides encoded by the erb oncogene are provided. The amino add sequences of 
the immunoglobuhns are modified so as to contain human immunoglobuUn amino acid sequences in substantiaUy all regions of 
the imlnunoglobulm other than the complementarity determining regions. Also provided are nudeic add sequences en^ding a 
humamzed imraunoglobulm, rephcation vectors containing such nudeic add sequences, and host cells containing the vectors, for 
the Mpression of humanized immunoglobulins. Therapeutic and diagnostic compositions for administration to patients are also 
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Hi^anlzed C-erbB-2 specific antibodies 



The pieseot inv^on related to the field of molecular biology in graeral, 
and die field of chimeric inmnuK)giobulins in paztiralar. 



variable domains have been replaced by analogcms complraientahty determining 
legion(s) from a murine antibody q>ecific for c-eifoB-2. 



carcinoma cells but is either not pxpressed, or expressed at much lower levels, in 
non-cancerous cells. It is thus of interest to provicte antibodies q3ecific for the erfa 
racoded protein. Antibodies q>ecific for this protein may be used to assay for the 
presence of cells expressing the sSl encoded protein, or may be ^lied to patients 

15 so as to specifically bind to carcinoma cells either for diagiK>^c, imaging or 
theiapratic fniiposes. 

It is of interest to produce monoclonal antibodies specific for antig^is that 
are e?q}ressed in much higher amcnints in tumors, such as gi^. Monoclonal 
antibodies have numerous advantages over polyclonal antibody preparations to the 

20 same antigen. These advantages include higher q)ecificity and the ability to 
rqmxiucibly generate large quantities of the antibody of interest. Since most 
monoclonal antibodies are of murine or non-human origin, ti^ir administration 
into human patients is a significant problem. Introduction of mm-human 
antibodies into human patimts may have a variety of adverse dfects. Such 

25 adverse effects inclwte the develofmirat of an antibody reqxmse directed to many 
poitions of the administered monoclonal antibody, ^ch as HAMA (human anti- 
mouse antibody). Additionally, the antibody may fail to interaa with c^r 
poitions f the human immune system, e.g., a murine antibody Fc region may not 
intmct with human Fc recq>tors. thus resulting in tte absence of the desired 



5 




10 



The c-erb-2 (FTKR-2) oncogene may be e^ressed in human breast 
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mmmne response t& cells di^laying tlie andgra of inteie^ or may £ul to activate 
conq)lemraL Attrapts to produce human monod^mal antibodies ^)ecific for 
antigms of intrai^ have prova to be difScuIt for sev^ai reasons, inchidmg the 
lack of good fiision paitom for human cdls» oUcal prcri)l»ns agjcncf^t^ with 
5 immuoizing human patiraits to cd^ain iymptoqrtes, as wdl as difficulty in 

obtaining human lyiqdu)cyie donors^ Because of die difSculti^ associated with 
obtaining human antibody spedGc for tihe ctesired antigen, it is of inteiest to 
provide for "humanized" murine antibody spedfic for tte antigm, Le.» an 
antibody that contains primarily human amino add sgqumces and some of the 
10 variable region sequ^ice of a conv^ttkmal murine antibody sqpedfio for the desired 
anti^n* 

Humaniz e d antibodies (or more g»eially, hnmaniyM immumiglc^Hilins) 
have at least three potential advantages ov^ murine antibodies for use in human 
ther^y. 

IS Tte ra ns e the constant region porticm is humaUt a humanized antibody may 

interact bett^ with (tther parts of die human immnfift systm (e.g., de^roy the 

targ^ cdls more effhA&s&y by comptemMt depmdant cytotoxicity or antibody- 

depend^t cellular cytc^xidty). 

Hie human immune systrai should nc^ recognize tbz humanized portions of 
20 the humanized imnmnoglobulin as foreign, and th^efore the inunune reqx)nse 

against an injected humanizftd immunoglobulin should be 1^ than the immune 

r^ponse against an injected totally murine immunoglobulin* 

iqected murine antibodies have been reported to have a half-life in the 

human circulation much skm^ than the half-life of ^rm^ amibodies (Shaw, ^ 
25 al., h Tn^mPTOl.t 138:4534-4538 (1987)). It is posable that iiyected htimaniy^ 

immunoglbbulins will have a half life more like that of human immunoglobulins, 

thus allowing smaller and less ftequoit dosra of tfampCTtic immunoglobulins to be 

administ^ed to the body with die same or b^t^ outcome. 

Numerous attempts have bera made to drcumvMt the problems associated 
2 0 witti administering non-human monoclonal antibodies to humans by modifying 

non-human antibodies so as to rqilace mm-fauman sequences with amino acid 



Wo 93/21319 



3 



PCr/US93/03080 



sequmce derived fiom buman antibodies. Several imblicatioas, patents and psteni 
a{q>l2cations disclose humanized antibodies ami matods.fbr ti^ piodm:tion by 
recombinant DNA teduKdogy. See for ^cample, European Pat^ A[qplication 
EPA-0-239-4(X), Recombiiuuit Antibodies and M^hods for Their Pnxfaiction; PCT 
5 Appficaiion WO89/09622, IL-2 Receptor-Specific ChimOTC Antibodies; European 
Patent Application EPA 0-338-74S, Mi^kkI for Producing Reccmbinant DNA 
Proteins; and European Patmt Aiq>lication EPA 0-332-424, Chimmc Antibodies 
Directed Against Human CaiciiK>anbryonic Antigm. Typically, murix^ 
nKHKKlonal antibodies are raised againa an antigen of interest, ti^ 
] 0 immuttoglobuiin goies em»ding tlie antibody of interest are ttten extracted from 
the hybridoma g^me, sequenced, and g^i^cally manipii^yp^ i so as to replace 
non-human constant region sequences with human constant region sequences. 
Such "ctumeric" antibodies contain murine variable regions and human constant 
regions. 

] 5 Although others, e.g., Winter in EPA-0-239^, have replaced human 

hyp^ariable sequences with murine hypervariable sequ»ce specific for an 
andgen of interest in onto* to otoin humanized "hyp^chimeric" antibody 
qiecific for an antigra, such teachings provide m e)q)ectation of success for 
attonpts to produce humanized antibodies (or derivatives th^eof) specific for c- 

20 ert)B-2 or any otter giva antigra. Antigm combining sites have conq>lex 3- 
dimen s io nal structures that are in pan dependant on tlie primary amino acid 
sequence of the variable region of immuiu>globulins. The general pnx^dure aiul 
concerns assodated with produdng humanized, dum^ic and hypercfaimeric 
antibodies can be found in Antibodv Engineering, edited by Borrcback, W. H. 

25 Fieraian and Co. Publishers. Urns dianging several amino adds within the 
variable n^ion of an immunoglobulin would not be expected to have an 
predictable effect on the structure (ami consequently on antigra binding properti^) 
of the variable region. 
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The subject invration provides far bumanized immunogldmlm molecules 
(and deiiyatives thoeof) spedfic for Cre»bB-2. Nucldc add seqoeiices encoding 
these immuno^dmlins, ami cells for the exprraskm of the hnmmriTfld 
5 inununog^cdnilins are also provided for. 

Tb& ssibject invration also provides for mtftods of using the humanized 
immunc^tobulins lb diagm>se ami treat camre^ Gdls for the prcxhiction of 
h^ttnanwrf immimftglnlmliTifi and js vitTO synAesis methods for tte^ 

immunoglobulins are also taught. 

10 ]PesaipiiQffl qf figBref 

Figure 1 provides the nudeotide seqi^nce (total 1SS4 base pairs) ^coding 
a humanized anti-etbB2 specific Fab fragment (SEQ ID:No. 1) draved from the 
hypervaiiable r^ons (also r^^red to as comptanoitaii^ d^eimining regions, of 
aUneviated CDR] of murine anti-c-^bB-2 mornxdonal antibody S20C9. The 
15 humanized light and teavy chains of the Fab fiagmmt have hem modified to 
contain an R poll phoA ieiader sequmce> A plasmid comprising the nudec^de 
sequence of Figure 1 is ptLW187. The strain containing pLW187 is 

referred to as TLW170-1 in tiiis application. 

The sequence of Kgure 1 (SEQ IDrNo. 1) may be divided into the 
20 foUowing subsequeiu:es: 

IrMSbp phoA promoter and lead^, 
144-77^ HumaniTed Heavy Chain; 

144-233 FRl (human par^ TSYC 1147-28); 
234-248 CDRt (mouse S20C9) ; 
25 249-290 FR2 Qiuman pareait TSYC 1147-28); 

291-342 CDR2 (mouse 520C9); 
343-437 FR3 (human parent TSYC 1147-28); 
438-455 CDR3 (mouse 520C9); 
456-488 FR4 (human parent TSYC 1147-28); 
30 489-779 Omian Heavy Chain Con^ant Region 
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780-821KT3 tag; 
822-893bp pboA leader, 
894-1538bp Humanized Light Chain; 

894-966 FRl (human parent TSYC 1150-38); 
967-998 C3)R1 (mouse 520C9); 
999-1043 FR2 (human parem TSYC 1150-38); 
1044-1064 CDK2 (mouse 520C9); 
1065-1160 FR3 (human parent TSYC 1150-38); 
1161-1187 CDR3 (mouse 520C9); 
1188-1220 FR4 (human parent TSYC 1150-38); 
1221-1538 Human Light Chain Constant Region; 
1539-1554 2&2l/&g!DHI Clomng Sites; 

Figure 2 te^mseaXs a gcmazi schone for humanizing marine monoclonal 
antibodies by ov^l^ing PCR. 

Figure 3 rqnesents the schone and PCR primers used to pnxhice a 
humanized heavy chain immniKi^bulin. 

Kgure 4 rqnesents tte scteme and PCR primers used to produce a 
humanized light chain immunogiolwlin. 

Figure 5 iqnesoits the scheme used to introduce a phoA leader sequoice 
and promoter sequence in front of a humanized immuiu)gi<4mlin. 

Kgure 6 represents the sctene used to correct an unintentional sequence 
error made during the production of a hnuanir^ light diain (toived 
immunoglcAnilin made according the scheme described in Figure 4. 

piimos and four tonplates are used in three rmmd of overiqiping 
25 PCR. LWOl is the primer qiedfically designed for anq>Iifying the 5' md of die 
phoA secpieace. LW16 ami LW17 is a set of cinnplementaiy junction primers 
which sit at the end of die phoA leader and the beginning of the coding sequence 
in FRl. Tlje tonplate pSYC1087 contains the phoA piomter and, when used with 
primers LWOl and LW17, will yield a fragment (1) containing a 5' Hindm site 
and a 3' end bearing sequence for the beginning of PRl. CLC27 is a primer 
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wUdi anneals to the rad of FR2 and of CDK2. PGR using LW16 and 
GUCZT, with the traq)late ^08-11' will in apiodoct (11) containing correct 
FRl, CDRl, FR2andCDR2. CompIemCTtariqr of IW16 and IW17 allow 
annealing of fragments I and n in a second ramd of PGR, pioduch^ fiagm»t 
5 (V). 

CIjC26 is a pnm^whidi contains CDRl and partial FR2 seqomce but 
does nc^ reach amino acki #43. CLC29 is complfflnentary to CLCSO and animals 
toFR4as wdlastiteb^inningof th&humanU^diaina>nstantr^^ PGR 
with CLC26 ami CIjC29, using template "38-18" yidds a pnxbict (EI) contaudng 

10 conect CDSI, inconect FR-2 containing alanine at amino add #43, and conect 
CDS2, PR3, CDR3, and FR4. Since "38-18" has an incorrect con^ant ii^on, 
"38-17" is used as t^nplate for primer CIJC30 aiui LW20. This fcmrth PGR 
product ((V) contains conect GDR3, FR4, and human light chain constant region. 
Gomptenffltari^ of GLC29 and dLG30 at CDR3 allow ficagmots in and IV to 

5 anrcal for the second round of ov^iap PGR, produdng fragm«t VI. 

PGR ftagmfflts V ai^ VI are complcanoitaiy at franwwork 2 except at 
amino add residue #43, where in fragment V the residue is tiizeonni& (AGG) and 
where in fragment VI, tte readue is alanine (OGG). Annealing of ti^e two 
fragments during the final round of PGR will ykld products which due to the 

20 differing nature of its templates, will bear amino add alanine or threonine at 
residue 43. 

Description of Specific 

A. Definitions 

An immunoglobulin molecule may be divuted into several r^ons. An 

25 inununc^obulin molecule may conqmse one or more polypeptide diains, i.e. a 
multi-polyp^de immum)glolmlin. IgG, for exanq^lCr consists of 2 heavy (H) 
chains and 2 li^ (L) diains. An immunc^obulin diain typically comprises 
variable r^ons and constant regions; the H diain of contains one variable 
region and one constant region, eadi constant r^on has a diffini^ sequence, and 

30 the (L) chain has one variable and one constant r^ion. The constant region of an 
H diain can be further subdivided into 3 domains, eaidi of which forms a sq>arat& 
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ctnnpact ti^y foUed 3 dimeosional unit. The L and R variable i^ons are 
similaily folded into sqmate compact units. Tte variable region of an 
immunogkdnilin chain (H and L) may be further divided into three hypervariable 
regions (also called complementarity ctetamining regions, aUneviated CDR) and 
fimir ftamewoik regions (aUneviated FR). The frameworic regions separate the 
hypovariable regions from each crtfaer in the linear amino add Mqnence. 
Conqjared to the hypovariable or CDR regions, the fran^oik v^ions comprise 
amino adds that do not vary as much between immunoglobalins produced by the 
same organism and are reasonably fixed in 3-dimeosional spacs. Fiamewoik 
region amino adds sequences may exhibit more variation within an oiganism than 
constam r^on amiiK) add sequoices. Hypnvariable regions, on the mh» hand, 
vary to a miKh greater extrait b^weea individual immunogldnilin molecules 
produced by die same organism, and are less wdl faed in 3-dimenaonal ^Mce. 
The bypnvaxiable regions are believed to form a major part of die antigen bii^g 
15 site of an antibody. Tlie framework rc^ns of dK! imroun(%ldmlins are bdieved 
to form two opposing beta-pleated sheets, which are die basic structural elaneot of 
die domain. These strands of die beta sheet are connected by loops of polypeptide 
chain which are diought to contam die hypervariable regions of die variable region 
of an immunoglobulin. Interactions between certain frameworic and CDR residues 
20 may influence die folding of die protein, particulariy die hypervariable loops, and 
affect the ability of Use antigen binding site to recc^nize antigen. 

Constant regicms of an immunogkrtnilin are located distal or C-terminal to 
die variable regicm. Constam regions may be of a light chain class inctoding 
Isappi and lambda chain constam regions (and die various aibclasses dioeof), or 

25 may be of a heavy chain dassinchiding die heavy chain constam regions of IgG, 
IgM, IgA, IgD, and IgE antibodies (and the varkws subclasses diereof). 

"Operably joined" refers to a juxtaposition such diat ooimal function of die 
compOTOits can be perfonned. ITius, a coding sequence "qpraably ^nned" to 
e^qnession control sequences refers to a configuration wterem the coding 
sequaices can be expressed under die control of diese sequences. Such control 
may be direct, diat is, a single gene associated widi a single promoter, or indirect, 
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as in the case whrae a polydstionic tianso^ is expressed from a single prommer. 

"Control sequence" and ''e3qaem)n controi seqaotKre'' rrfer to a DNA 
seqo^ice or sequemres nec^saiy for the eoqyxessum or c^iulation (tianscrqnional 
or tiasslationaO of an cq)^ably joined coding seqfsmce in a piaiticular iu^ 
oiganism. The control seqii»ces, tbat are ^litable for procaiyotes, for example, 
indude a promote, qytkmally an operator secpzraoe, a ribosome binding site, a 
tiansci^cnL tCTtiinator, and possible odto- as yet pooily umlaAood sequences, 
Eucaiyotic cells are known to utilize control sequCTces, which include promoters, 
polyadmylation signals, enhance, siloscers, and the like. 
10 The tenn "functional pair" wtoi used widi n^isirace to >^riable regions 

(humanized or odierwise) inlsuis a s^ of 2 variable regions (one dmved from the 
L chain and one from the H chain) that form an antigra ccmibining site in an 
antibody. Functional paiis of variable r^ons specific for an antigen of intnest 
may be found in the variable region from the heavy diain and the variable region 
15 fnm the li^ chain of an antibody q)edfic for tte antigra of int Examples 
of functional pairs of variioble regions incbide tte polypeptkles ^icoded by 
nuclemtdes 144-488 and nucleotides 894-1220 of Figure I (SEQ ID:N01). 

Tbe term "fimcticmal proximity" whra used with refiomce to variable 
r^ons (humanized or oth^wise) mtrads that tte functional pair of L ami H 
20 variable regions be qiatially located with reflect to eadi other so as to foim an 
antigCT combining site. 

The tenns "heavy chain-<terived" and "light chain-<^ved" whm qyplied 
to immunoglobulins of the aibject invration indicate that ttie >^uiable region 
hypervariable sequraoes in the q)ecified polypeptide are preseik on &&isr the 
25 heavy chain or tlie lig^ diain, respectively, of the antibody fiom wMdi die 
hyp^variable sequu^es of interest were originally discovraed. 

The tenn "faumamzed" as spphod to tmmum>glcdnilins int^ds that at least a 
poition of the fiamewoifc regions of an immniuiglotmlin are derived from human 
immunoglobulin sequ»ces. 
30 Whw sequences are said to be "human", all human alleles for the given 

sequrace, in addition to the sequrace specifically ^cra[q>lified, are included. 
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Moieover» the object invention contonplates that minor amim) acid sequence 
changes, inchiding ^^itutions, ctei^ions, and insertions, typically in the range of 
ab(Mit 1 to 5 amino adds, may be made to hiimanirpH immunoglobulins specific 
for c-eifaB-2 widKnit agnificantly altmng the binding specificity of the 
jmrnunogtolRilin. 

Whffl a functional pair of variable r^ions are "specific" for a given 
antig» (or h2q[^), the antig» combinii^ site formed by the fiu^onal pur is 
capabte of binding to the antigra (or hapten) of interest more mongiy dxan to 
randomly selected molecutes. 

10 B. General Description 

The subject invention {m>vides for immunogl<rt>ulin molecules with variable 
regions comprising the hypervariable regions of the anti-c-eibB-2 specific 
antibodies (in paiticular the murine monoclonal antibody S20C9), human 
fiamework regions, and human constant region sequeirces. In addition to 
15 providing for humanized c-erbB-2-^)ecific immuiK>glcAmIin motecules, the subject 
invention also includes nucleic add sequ^ices encoding the humanized 
immuiK}globulins, as well as cell tost systems for the expression of humanized 
immunoglobulins. 

Humahizctd inununogkdmlins specific for antigens of int^est may be 
obtain^ by preparing non-human, pr^i^nbly murine, monoclonal antibodies 
against an antigen of int^:est, d^ramining the amiiK) add sequence of the non- 
human antibody, preferably by isolating (by any of a variety of wdl known gene 
isolation techniques, induding PCR) ami sequencing cDNA sequences encoding 
tte chains of the non-human monockmal antibody of inteiest. The amino add 
25 sequrace of the hyp^variable regions of the non-human moiux^kmal antibody may 
then be compared with canonical frauKwoik region sequences and hyp^variable 
r^on amino add sequraces of human immunogldnilin variable r^ons so as to 
d^rmine which amino adds must be changed to humanize the ncm-human 
sequaice. Guidance for selecting the frameworic sequences and hypervariable 
30 sequences widiin the variable region f an immunogl bulin can be found in several 
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publications, including the aitide by Chothia, el aL Nature 342:87S-S79 (1989) 
and the book Antibody Engineering: A Practical Guide, Borrebaeck ed.. W, 
Fiemian and Co. publish^. By detennining which sequences in the non-human 
immunoglobulin gei^ spedfic for the antigffl of interest constitute frameworic 
5 r^ions and whidi constitute l^psi^ariable i^ons, it bQOomes pc^sible to 

^tfaesize a vari^ of humanized immunogldmlins having an antigen specificity 
rimiiar to that of the non4Hunan hnnnmr^ lnh iiHnthflt s^ves as the information 
source for die sequ^^ unions. 

TTiifnanw^rf variable regions spedfic for &^bB-2 may be joined to a human 
10 constant region(s), or portions thereof. Joining of a humanized variable region to 
a constant r^ion gives rise to a polypepticte in whidi the amino-terminal portion 
comprises the humanized variable ri^on and the carboxyl-tmninal portion 
comprises human constant region sequence. Sudi constructs may be r^med to as 
"byperchimeric". Humanized light chain-d^ved variable r^ns may be 
IS operably joined to light chain constant regions so as to form functional 

inunum>gl6bulin chains. Similarly, humanized heavy cfaain-derwed variable 
regions may be q)erably joined to heavy chain constant regions so as to form 
functional immunoglcdmlin moleoiles. In a preferred embodiments of the 
invffltion humanized light chain-derived variable region is op^abty joix^ to 
human light chain constant region, and humanized heavy chain-derived variable 
region is cq)»ably joined to a human heavy chain constant region(s). 

In addition to providii^ for hnmanized immunogldnilins q>ecific for c- 
^hB-2, the subject invention also provules for various polypqttides (and 
corresponding nucleic add sequ^ices) comprising portions of (>^B-2 specific 
humanized immunoglobulins, in partiailar the variable region portion of the 
humanized immunoglobulin. Furth^more, the subject invoition provides for 
various derivatives of c-erfaB-2 specific immunogtotelin chains that comprise 
additional polypqjtide sequoxces. These acbiitional polypeptide sequ^ices may 
have any of a variety of fimcdons including, CTzymes, toxins, amigraic tagging 
30 sequences, and the like. 

Many modifications and variations of humanized variable region sequences 
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within the pi^rat ctenon^iative nucldc add seqiraice of Figure 1 (SEQ ID: NO 
1) arc possible. For example, the d^a^racy of the genetic code allows for the 
si^)stitution of nucleotides (which can be used or aptimizisd in accordance with 
codon usage patterns for expression in various host cells) throughout tlie 
S polypeptide coding unions, as well as for the substituticm of ttie translational stop 
signal j9)ecifically exnqiliiied. Sudi sequences can be cteduced horn the known 
amino add or DNA sequeiK^e of the S20C9 antibody chains (and the con^ant 
r^ons or antibodies of differrat classes) and can be con^nicted by omv^tional 
synthetic proceduies. Such synttetic methods can be carried out in gihcrgn^^i 

10 accordance with tte procedures of Itakura, a^. , 1977 SdCTce 198: 1056, Crea, 
Proc, Nat. Acad. Sd. USA 75:5765 (1978). In addition, synthetic genes 
(and fragmrats thereof) and linkers can be synthesized eith^ by using a Systec 
1450a DNA synthesizer (Sy^, Inc., 3816 Chamiler Drive, Minne^lis. 
Minnesota) or an Applied Biosystems 380a DNA syitti^izer (Applied Biosystrais, 

15 Inc. 850 linoob Ceaater Drive, Foster City, Califonua 94404). Many other DNA 
synthesizing instmments arc known in the ait and can be used to make synthetic 
DNA fragments. Thereforc, tte present mvention is no way limited to the DNA 
sequences spedfically exraiplified. 

A prefmed m^od of synttesizing nucleu: acid sequoK^es racoding 

20 humanized inmium>gk4mlins is by means of overiapping PGR. Hie tedmique of 
overi^ing PGR is described in tte article by Hoiton, & al, Gene 77:61-68 
(1989) and in U.S. Patent No. 5,023,171. The technique of overiapping PGR may 
te used to produce a humanized immunogl<4mlin by perfonning ovedq^ing PGR 
on cDNA sequeiK:e from a human immunogk^ulin g^ie with tte iqppropriate 

25 oligonucleotide primers. 

In brief, tte technique of PGR sphidng by overlap ext»sion is as follows. 
PGR oligonuclec^de primer pairs arc prepared. Each oligcnmclec^ide primer 
comprises essentially two regions, a 5* region containing either sequences 
encoding a restriction radonuclease recognition site or a poition of 

30 complementarity detmnining r^on (GDR) from a non-human immunoglobulin 
gene of interest, and a 3' rcgion complementary to a fiameworic region adjacent to 
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the complanCTtartty d^mnimiig legian to widcb ttie 5* portion of the piimer is 
complCT^xtiixy. of sudi PGR primm aie pxepared for each ficamewoxk 
r^on of tfifr human iimnunoglnfaulin gme that will fimrish tte taiman sequoK:^ 
for humaniTing the iKm-haman imimiimgldmlin gg» of inteie^ Tbepiim^aie 

5 contracted so that 5' and 3' regions that cocte within the same CDR region are 
oved^ing. An ad^^ntage of using avedappng PGR to synthesize a nuddc acid 
seqt^ice encoding a humflniy^ non-human jmnrnfingVii i nKTi scquencg is in the 
minimization of restriction digest/ligation reactions and oligonucleotide synttesis 
reactions. The S* CDR complmentary regkms of the PCRprimm are 

10 complraientary to the CDR complonentary regimis of PCR primers that have 3' 
regions conq>Iementary to adjacent framework regions. As indicated in Figure 2, 
repeated rcmnds of PCR give rise to a nucldc ac^ secpienoe comprising the parent 
human immunoglobulin sequence in all regions excq>t for the complemratarity 
determining regions, these regions bdng derived fiom die complementary 

IS detmnining r^ons of non-human immunoglobulin genes synttesiztng an 

inmmno^obulin specific for the antigen of interest However, small poitions of 
murine ficamewo^ seqprace (pardculariy the canonical resufaies desoibed by 
Chothia, et al.) may be required in order to gsnsmc an active antigm combining 
site. 

20 The humaniTgd immunoglobulins diains of the aibject invoition are 

preferably utilized in the form of multirpolypqjtide immunoglobulins comprising at 
least one humanized immunoglobulin variable region fui^icmal pair. In muhi- 
polypeptide humanized immunq^obulins conqmsing variable r^ion fumtional 
pairs, the varmble regions of the functional pair are preferably localized in space 

25 (the pair moibers are in functional proximity to each other) so as to form an 

antigm combining site in which the antigm binding site is, at teast in part, formed 

by the hypervariable r^jons of both die ligjit chain-doived ami heavy chain- ^ 

d^ved hypervariable regions of S2(0 or otto- c-^tB-2 ^ledfic antibodies. 

Howev^, the H chain variable r^ion oftm contributes more that the L chain 

30 variable region in the interaction with antig^ 

Single humanized immunoglobulin chains may be joined to each other so as 



wo 93/21319 



PCT/US93/03080 



to form multi-polypepti(te inunanoglobulins by a vaiiety of means. Such joining 
means iiudude boA ionic impactions and covalent bomls. Tte means of joining 
individual immunoglotalin chains so as to form a multi*polypeptide 
immunoglobulin are prefiraably, althcragh n(^ necessarily, by means of covalrat 

S linkage. Tte prefmed m^ms of covalent linkage is by means of diailfide bridges 
b^wera cystmne reddues located within the humanized immunoglcrtmlin diains of 
intsBiest; however, covalent linkage may also be effected thnmgh the use of cross- 
linking reagents ^ch as dimethyl-3,3'dithiobi y roptonimidate, N-(4-azi£k>pbrayl) 
pbthalamide, and th& like. Humanized immimoglolmlin chains may be joined so as 

10 to produce multi-polypq>tide immunogkdmlins molecutes dructurally analogous to 
antibodies or fragmoits thmof, including Fab fragments. Fab* fragmrats, F(ab*)2 
fragments, Fabc ftagmrats, Fd fragments, Fr fragmmts, Fv fragments, single 
chain Fv fragments, and the like. The available lit^ature provides for m^ods 
for producing antibodies and firaginraits th^eof from polypqftides synthesized by 

IS recombinant DNA and in vitro ^nttesis techniques. 

The humanized immunoglobulins of the subject invention may be 
conjugated to a variety of tb^apratic moires. By thasq)eutic moires it is 
intemied a vari^ of compcninds or atoms that find use in the treatment or 
detection of disease conditions. Compounds that firul use in treating disease 

20 conditions inclucte toxins (or active portions tt^eof) such as diphtheria toxin, 
ridn, or gS3i4™pim «otoxin, enzymes, conventional drugs and prodrugs. In 
graeral, the humanized inununoglobulins of the subject invration may be 
d^Tvatized by kiH>wn method for conjugating th^3q>eutic moieties to antibodies so 
as to produce hi^y q)ectfic drugs or imaging agoxts. Oth^ di^:q)attic moires 

25 of interest for corijugation to the humanized immunogk^Tulins of the subject 

invention inchute radio-opaque imaging agents. Hisapaitic moieties also itKdude 
radionuclides for use in imaging or in irradiating tissue, aich as ^"^^ ^"'Re, 
"Cu, "»At, "%i, »1, and the like. 

Humanized immunoglotnilin sequences may be modified by the addition of 

30 a variety of a secretion signal sequences preferable joined to the amino terminus of 
the humanized iirmiunoglcrtmlin polypeptide. Secretion signal sequ»ces (also 



wo 93/21319 



PCr/US93/03080 



.14 

lefened to as ^signal seqaoKres") serve to piDvide a signal to the secsi^n 
"machTgery" of a cdl to eqKSit polypeptides beaiing such a seqi^sce. Tte use of 
signal sequences to direct the cellular localizaticm and/or export of polypqjtides 
not naturally joii^ to die signal sequaure, Le., tetoologous widi n^pect to die 

5 signal sequoxce, is well known in the of lecombinam g^^ e^^iession. Thus 
signal seqnroces may be used to sinq>Iify the process of purification of the subjects 
poIypefAkles fitom recombinant cdl esxpressicm systems for several reasons, 
inchuimg obviating the med to lyse host ceQs and ib& need to produce aibceUular 
fractions rariched for the polypqiticfe of intmsL Leader sequs^es typkally 

10 comprise a diarged amizK) add at the N-tenninus followed by a short hydrophobic 
amino add sequences. Lead^ sequaK:es may be selected on the basis of the 
cellular e}qnession systCT used to synthesize the htunanized immum>glolHilin 
polypeptide. Signal sequmces are prefi^ly selected so as to be removed dther 
completely or substantially fnnn die humanized immunogl(4>ulin sequence of 

] S intend llie actual lead^ sequences employed will vary in accordance with die 
dioice of cellular expression system selected. AUIumgh leaifer seq<iences are 
known to direct the localization of proteins in teterologous esqniesacm sy^ems, 
i.e., host cells not naturally pnx&icing the protdn that is the source of die signal 
sequence, it is prefrable to use leacter sequmces from polypqjtide naturally 

20 ^qnessed in the celhilar e?q>xession hc^ Wl^ expressing hunmnized 

immunoglolHilins in bactraal systems, a Pho A. Le., alkaline pho^teoase, signal 
sequCTce is preferably used for expreaicm in R coli, Odt^ bacterial protein 
signal sequences of intered include those from the ompA and pelB gmes. For 
^qnession in mammalian cells, die use of an inunum^obulin leader sequence is 

25 preferred. For rapressum in yeast cells, an a^ha &ctoriead^ sequence, among 
others, may be used as a signal sequoce. 

The humanized imnmm}globuIins of tf» ^ibject invration may or may not 
contain "tag" amino add sequraces, Sudi "tag" sequaices are stort amino acid 
sequmce, normally no more than 20 amino adds in length, prefiCTble less dian 15 

JO amino adds in Iragth. Tag sequences may be inchicbd m the amino add sequoice 
of the subject humanized immunoglobulins for die purpose of purifying, detecting 
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(or quantifying) the polypqptides of the aibject invraticra by use of antibodies, 
ircluding monockinal antibodies, (or similar reagents) capable of specifically 
WiKiing to tte tag sequoce. Tag S6quem:es withcmt attactod immunogl<*uIin 
amino acid sequemres may be synttesized m vitiD using varicm well-known 
5 techniques, inchidingconmienaaUy available polypqM^ The 
la YifiXl synttesized tag sequmces may then be injected into suitable animals so as 
to induce an immune re^xmse directed to tte tag sequmce, Antibodi^ specific 
for a tag sequ^Kre of interest may also be prqmed by imnnimripg an animal with 
a protein having a primary amino add sequrace that includes the tag sequence of 

10 interest. Tag sequences are preferably attadied at or i^ar the COOH terminal end 
of immunoglobulin molecules. A tag sequKK» of particular intraest is a sequCTce 
recognized by the KT3 monoclonal antibody. An amino acid sequrace recognized 
by KT3 is TPPPEPET. Another example of a tag sequrace that may be inserted 
at the carboxy tenninal (or intemally as well) of an inmium)glcrtmlin sequence is 

15 the sequence HEEEYMPME. (Gnissemneyer, et al.. Proc. Natl. Ai^d 55H TffiA 
82, 7952-54 (1982)), 

The humanized immunoglolmlins of the aibject inv^ition may be expressed 
in cellular hosts afier the sequaces eaicoding the humanized immunoglobulins 
havebeenopOTblyjoiited to repression control sequem^s. Nucleotide sequmces 

20 for ejq)ression may be conveniMfly qjerably joined to expression control 
sequraces by insertion into restriction sites in expression vectois. E)q>ression 
vectors may contain e^qnession rantiol sequences kxated near usdul restriction 
sites, and are typically replaceabte in the tost organism either as extra 
chxxmiosomal elements, sudi as plasmids, or as an int^ral part of die host 

25 chromosomal DNA. E^qiression vectors may rantain selectable markers, such as 
antibiotic resistance, to pCTiit drtectifti of tiiosc cdls transformed with the 
nucleotide sequeiK»s of intmest, see for exan^le U.S. Patent No. 4,794,362, 
which is bemn incorporated by rrfiraence. 

TTie polypqjtides of tiie subject invaition may be ejqiressed in a variety of 

30 cell types. Th literature available to those skilled in the art describe numertms 
cellular expression systems for polypeptides of interest and expression vectors for 
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use in ttose sy^ems. See for example M^hods of ^ ^^^y^f^^ ^gy Vol. 185» 
Goeddel, Academic Press (19^). Humanized immunogld>iilins may be recovered 
and pmified firom lecombimnt host cells using oonvsitional tThniquf^s for 
recovery and jmrification of lecombinantly produced proteins. 
5 Nucleotide sequences OKXxiing humatiiTfld immunogtofaulins may be 

e3q)iessed in a variety of cells. Cdls for expulsion may be dtit^ eukaiyotic or 
prokaryotic. Prokarv(^ tosts of inteea include Bacillus m^ i^^ ajc well ag 
otter Bacilli, ratraobact^iaceae, such as coli. as ^ell as varknis Streptomvces . 
SslmOB^Hfat Serratia. and Pseudomonas species* Among prokaryotic ho^ cells 

to species, £. is imticulariy piefCTcd because of tiie great deal a^^ulable 
literature dealing with expression in £. coll 

Oth^ microbial organisms, such as yeast, may be used for esqnression of 
the subject humanized immunogtobulins. Saccharomvces cerrevisae is a preferred 
non-bactmal microbial e^qiression luist. 

IS OQiBT non-mammalian ^ikaryotic e7q>ression host cells of interest inctucfe 

insect cells that may be used with bacoilovirus aq)ression sy^eans. 

In addition to the u^ of microbial, and invertebrate cells, fnaminnHan cells 
grown in tissue cuhure may also be used to produce die polype{ttides of the 
present invration. The polypqtides of tte presrat invotion may be ejqnessed in 

20 any mammaliaTi cell system tilmt may be used to esqiress imnnmoglcdnilin 

polypeptides. Eukaryotic cells are primed cdlular hosts for the e^qyression of 
subject polypeptides as opposed to non-mammalian cdls, because of tlie numerous 
advantages associated with using mflmmfliifln cells, met advantages inchicte 
suitable signal-sequence processing, glycc^ylation, secr^um nuurhin^ and the 

25 production of ftmctional fuU-lengdi immunoglobulins. Kfamffm^^ ^n cells for use as 
e?q>ression hosts include CHO cell lines, various COS cell lix^, HeLa cells, 
SP2/0 and die like. 

Host cells for the ejqnession of the polypq)tides of the present invention 
may be geiKtically manipulaled so as to produce oi^, or more humanced 

30 immunoglobulins. Whra two humanized immunoglobulin chains are pixxiuced by 
the same cell Hne, it is of intrant to produce a first iminunoglolmlin chain having 
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a hitmanT7fl(l variable r^on that cxmiprising one m^b^ of ±e Ainctional pair of 
variable unions specific for c-eibB-2 and a second immunoglobulin chain 
comprising the other m^ber of the same functional pair of variable r^cms for c- 
eifaiB-2. Thus, by producing cells gra^ically manipulated so as to express two 

5 such humanized immunogldmlins chains, muM-polypeptide immuiK}glc^ulins 
comprising a fuiKtional c-eihB-2 antigen binding site may be produced dth^ In 
vivo , or in tte siq>raiatants of cell qiltures. 

In addition to the production of humanized immunoglobulins by 
recombinant methods, automated equipmoit for tl^ direct synthesis of polypeptides 

10 disclosed herein is commercially available. Such equipmrat provides access to 
pqtides of the invration, either by direct synthesis or by synthesis of a series of 
fragments that can be ccHq>led using other known techniques. 

The humanized immunoglotnilins of the subject invention and 
pharmacttitical compositions thereiof are paiticulariy useful for parenteral 

15 administration, e.g., subcutai^ousiy intramusculariy or intravaiously. The 

compositions for parraterai admini^ration will typically comprise a solution of the 
humanized immunoglobulin dissolved in a physiologically acceptable canier, 
preferably an aqueous carrier. A variety of aqueous canriors can be used, e.g., 
water, Iniffered water, physiological salii^, 0.3% glydne, and the like. Solutions 

20 for parraiteral administration are preferably sterile and gra^ally free of paitiailate 
matter. Compositions for parrateral administration may be lyc^hilized for 
convrairat ^rage and rehydrated prior to use. Tl^se compositions for parmteral 
admini^ration may be sterilized by oonvrational sterilization techniques. The 
conq)ositions may ccmtain pharmaceutically acccf^le auxiliaiy mbstances as 

25 required to i^iproximate physiological conditions such as pH adjusting and 
buffering agCTts, toxicity adjusting agrats and the like, for example sodium 
achate, sodium chloride, pcnassium chloride, calcium chloride, sodium lactate and 
the like. The concmtration of humanized immunoglobulin in these formulations 
can vary widely, i.e., from less than about 0.5%, but uoially at or at least about 

30 1 % to as much as 15% r 20% by wei^ and maybe selected primarily tesed on 
fluid volumes, viscosities,etc., in accordance with the partioilar mode of 
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adniinistiation selected. 

Hie invradon having bera described, die following exanqiles axe crffined 
to illustiatB the subject invaodon by way of iHostiation, by way of linutadon. 

Example I 

^ QvCTvj^ of PrwIffrtPB ftf Nqg^p Acid S^qtfgacw Bwptffflg 

In ovcriap extoosum, PGR is p^fonned with prin^rs diat have 
complementary 5' ends so diat pnxfai^ from a fiist nnmd of reactions can be 
mixed, melted^ and reannealed to provicfe a ♦wnpi^*** for the synttesis of long^ 

10 extension pnxtaios in a second nnuui reaction. To humanize the nmiine antibody 
of interest, primers wm designed whose 3' ends anneal to human fiamewotks, 
and whose 5' ends eith^ contain cloning sites, or encode murine S20C9 CDR's. 
A graml scheme for humanizing an antibody is ^own in Kgure 2. Tlie first 
round of PGR utilizes DNA tenq)Iate from tte selected human pairat TSYC 1147- 

15 28 or TYSC 1150*38 and results in fcmr individual fiagmrats, each c o nta inin g 
esOter human FRl, fauntan Flt2, human FK3 or human FR4, flanked by cloning 
sites ami/or CDR's. Hie FR4 fiagmrat is laige because it also contains the first 
Cm domain of the human constant r^ott. Hie next round of PCR involves 
amteaitng CDRl arms on first round pnxbcts "A^ and and reailts in a longer 

20 fragment. "E", which conasts of, in the 5' to 3' direction: a cloning site, human 
FRl, mouse CDRl, humanRZ, and a primer go^rated CDB2 arm. Hie other 
round two reaction anneals mrase CDR3 aims on first vcmnd procfaicts "C° and 
"D", and pnxiuces a fiagm^ containing human FR3, FR4 and constant regions. 
This secomi round product, "F", is flanked at its 5' ad by mouse CDK2, and on 

25 the 3' md by anc^ier cloning site. Tte final round of PCR anneals tte 

complraientaiy CDR2 ends in firagnmts and and creates the comply 
humanized 'G' fiagnumL 

The "G" fragment is placed into an e}q}ression vector. &avy and light 
chain "G" fiagmraits unctego sq>arate restriction digests for ligaticm into thdo* own 

30 pUC vectors and are transformed into S. fioU host 1X3101. Transfonnants arc 
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screened for the presence of insert, and DNA from sevend pc^ential camiidates is 
sequ0K:ed. Ckm^ with tte conect sequonre und^go another round of VCR with 
primers (tesigned for incoiporadon of a ^boA pxomotor/lead^ sequence in from of 
the antibody codmg seqi»u» (See Hgure S). The PCR product containing phoA- 
5 antibody sequence is digested and cloKd into a pBR322 based vector and 

transfonned into £. £qU tK>st MM294. Transformants are screoed, and pc^ratial 
candkiates are HentiRsd and sequat^ed. Clones bearing the correct sequraice of 
each chain are imfaiced for ejqnession on the putative humanized inununogldsulin 
and ctecked for expression by Western analysis. The final ccm^nict to produce a 
10 humanized Fab fragment is made by combining the light chain coding seqi^ce 
with the heavy diain coding sequence. This last process involves a PCR siep and 
a restriction/ligation step. 

Selection of Human Par ent Frameworic 

15 Human frameworks, or "parrats% were chosen by a "TFASTA" computer 

alignment whidi g enoat ed the tm best fits with human immunoglc^ulin sequaK:es 
in the seaicted database. The sdection was based on overall similarity of amino 
acid residues b^era the human and tte original mouse S2(K!9 sequrace. The 
human sequmce database was produced by cloning approximately 100 heavy and 

20 light chains of immuiK)gk)bulin gei^ frcmi EBV transfonned himian cdls, and 
subsequendy sequencing the cloMd goies. In addition, both L ami H chain 
variable regions wwe sequenced from cDNA copied frwn human per^teral blood 
cdls using prin^rs that w«b designed for PCR amplification of tte V rdyvions 
into the adjacoit constant domain these sequences and conqiaied with the mouse 

25 variable regions diat were to be hyperdmnerized. 

Tte chosen human framework must not int^fere with the presCTtatbn of 
die mouse CDRs to the target antigen, Chothia, a al- Nature 342:877-883 (1989) 
hypcMtesized that a anall rq)«toire of ^'canonical" conformations of hypervariable 
regions eidst ami the structure of a given CDR is Wrongly influraced by a few 

30 amin add residues at key positions. Such canonical residues arc found in CDR 
and FR regions. The human frameworks selected for each chain hav canonical 
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lesidues similar to that of tiie mouse antibody. 

According to the theory of Chodua, ^ li., the heavy chain caiK)nicaI 
lesidues of special inqxmance are amino adds #26, 27, 29, 34, 55, and 94. In 
the moose 52(0 t^vy chain, these v^tchies are, in oxder, Gly, Tyr, Phe, Met, 
Gly, and Aig. In ti^ fitting human heavy chain parent, TSYC1I47*28, all 
canonical residues mzidi except which is an isoteudi^ instead of a 
methionine. No mher imman paroit wittdn the top five sele^ed for ov^all 
sequmce sunilarity matched better than TSYCl 147-28. Thus, TSYClt47-28 was 
chosra as the human teavy chain framework parrat for grafting with mouse heavy 
10 chain CDR^s. 

Light diain caiumical residues of q)edal inqxxrtax^ are amino acids #2, 
25, 29^ 33, 48, 64, 71, 90, and #95. In the mcmse 52CO fight chain, the residues 
are, in order. He, Ala, lie. Leu, De, Gly, Tyr, Gin, and Pro. In the best fitting 
fight chain human parent, TSYCI 150-38, eight of nine resnfaies match. Only 
15 residue number 71, where phenylalanine replaces tyrosine, does iK>t match. The 
second best fitting li£^ chain human pateat, TSYCI150^, matches at only six of 
the nine canonical residues. Amino add #29 is leudne instead of isoleudne; #71 
is phenylalanine instead to ^rosme; and #95 is ph^ylalanine instead of proline. 
Two human light diain frameworks, TSYCI150*38, and -08, w^ chosen for 
20 grafting of mouse fight diain CDR*s. Kmumization of light chain has been 
complied with only TSYC1150-38 as pirent. 

Rramplft 

Design of Primers for Prameworic Gra fting by Overiamiing PCR 
The expected sequraces for heavy and lig}it diain, from hunmnization of 
25 mouse 520C9 CDR*s with human parrat frameworks, is givra in figure L Qght 
primers for each chain were designed based on the sdieme pr^eoted in figure 4. 
Eadi prim^ contains two r^ions, om bearing sequence which armeals to human 
fiamework, and the other eith^ containing a cicming site or bearing sequence 
whidi QKXKies for a mouse CDR. Half of the primers are upstream (located at the 
30 5' cad of the reaction) primers and tl^ oth^ half, downstream (located at the 3' 
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end of the leactkm) pnmers. Each PGR reaction requires one upstream (front) 

and one downstream (back) primer. A short explanation of each primer follows 

(The atoreviations HC and LC refer to heavy chain and light chain, respectively): 

CLC17(HC) or CLC24(LC): (upstream) 

5' mi contains cloning sites 2isI(HQ or SacI(LC); 
3' md anneals to FRl. 

CLC18(HC) or CLC25(LC): (downstream) 
3* end am^ils to FRl; 
S* ^ &K»(tes for C33R1. 

CLC19(HC) or CLC26(LC):upsiream 
5' end »codes for CDRl. 
3' out am^als to FR2. 

CLC20(HC) or CLC27(LC):(downsticam) 
3' end anneals to FR2; 
5' end ^icocfes for CDR2. 

CLC21(HC) or CLC28(LC):(upstieam) 
5' &id csuxO^ for CDR2; 
3' Old anneals to FR3. 

CLC22(HC) or ajC29(LC):(downstream) 
20 3' «id anneals to FR3; 

5' end abodes for CDR3. 

CLC23(HC) or CLC30(LC): (upstream) 
S' emi OKXxies for CDR3; 
3; ad anneals to FR4, for extrasion through human constant 

25 region. 

SYP12(H<::) or SYC324(IjO;(downstream) 

3* mi am^als to tte eml of the HC or LC 

ccmstam region. 
5* rad contains cloning sites Sc&I(HC) or XlsKLC) 

30 Hie heavy and light chain "G" fragments were digested with restriction 

enzymes in sqmate reactions ami cloned into their own pUC vectors. Ligations 
WOT then transformed into DGlOl host Potential clones were identified by 
colony PCR or by miniprq) analysis and were sequMced. Hie correctly 
humanized teavy chain in pUC was found in cl ne TCC19-4 
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Design of Primers forpfaoA facotporarion 5' to the Hmnanized Heavy Chain 

Rmrpiim^, W to as shown in figure 5, aie neected for the 0)/aiap 

extrasion PGR that incmpocat^ phoA pnmimor and teaic^ sequences in front of 

immuiu)glbimlm coding sequences. Eadi primer in ti^ figure is discussed below: 

Primer W animals to a portion of die plasmid pSYCI087 al^ad of a ii^on 

otcoding for tte phoA pnmiotK and Jead^ sequence. The primer can be divided 

into two parts. One part amteals to piBR sequence, the plasnid backbone, and the 

atbs£ anneals to re^ricdon sites which preoe(te phoA seqiraices in pSYC 1087. 

10 W: (HCorLC) 

LWOl: 5'-GGGG ATCGAT AAM T GGG CTQCA^ QTCQAC 
pBR322 sequence Hill^ £sll 

Primers X and Y together create an in-fiame junction b^een die end of 
die sbfiA lead^ and the sequrace encoding human amino add #1 in the antibody. 
15 These prima* sets are spedfic for each antibody. Tliey are oftei modified to 
encode for amino adds diat are missing from the human parent sequences. For 
example, immediately following, Le. 3' to, die phoA sequence, tte primers for 
die humanized S20C^ heavy chain juncdon region encode for the first six human 
consMSUS amino adds found in Kabat> et al. , Sequences of proteins of 
20 Ntmmqtoaca< mtersst 4tfi ed, U.S. Dep. HHS (1987). It is necessary to aqq)ly 
these amino adds because the human library was created by prim^ which start at 
amino add #7 of the heavy chain. 

Y: (HO 

LW13r r — I GAG ATC CAA CTG GTG GAG | TCT GGG CCT GAG 

25 GTG 

LW14: GGA CAC TGT TTT CGG | CTC TAC GTT GAC CAC CTC | ^5' 

Xz (HQ 

end of pro A leader Ist six ccmsemms human staitofFRl in 

HC aau fipom Kabat TSYC n47-2» 

30 Y: (LQ 

LWI6: 5' —CCT GTG ACA AAA GCC | GAC ATC CAG ATG ACC CAG 

LW17: GGA CAC TGT TIT CGG [ CTG TAG GTC TAC TGG GTC— 5' 
X: (LC) 

end of phoA leader stait of FRI in TSYC 1150-38 

35 Primer Z is a back primer whose 3' end am^als to the final nudeotides of 
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the human heavy or light chain constant region. Its 5* emi contains cloning sites: 
either Sggl for heavy chain, or Xtml for light chain. 

Z: (HQ 

LW15: G TTG TTC CAC CTC TTC TTT | TGA TCA | CCC C— 5' 
5 eml d haam heavy chain Spel 

cfiTtitfart ngicii 

Z: (LC) 

LW20: AAO TTG TCC CCT CTC ACA | ATT A | GAO CTC CCT AGG CGG — 5' 
end of imiim light chain STOP Xhol BamHI 

10 wwitf *d t region 

The products were restriction dige^ed with Hindi n and Spel aiui wcm 
cloned into a pBR based vector with an ampicillin selection marker. Downstream 
from the Ss^ site, the vector carried the KT3 pqmcte sequence, NH3-TPPFEPET- 
COOH, in frame with the heavy chain pqrti^te and tteg- thurinriCTsis crystal 
IS protein transcri^itional terminator. Transformams in MM294 were screoted for 
inserts, and seveiial clones bearing inseit were sequenced. LW1S6 contained 
cortea phoA promotor and teacfer sequences and correctly encodes for the 
humanized "S20C9-28" heavy chain. 

20 PhQA toCCTPOration Ahead of Humanized U^ht rhqii, 

The wrong templaie was inadv^tently used to create the "G" fragmrat ( 
*'G" as in the Figure 2 sch^e). Hie miffiOce was not realized until sequencing 
revealed ttot one of tte humanized light diain '*G*' fragm^its for parent 
TSYC1150-38 matched that of the desired fused ctone. Instead of starting over and 

25 creating a r^ "G" fitagment using the correa template, the sequmced matmals 
were modified. Amino acid alignmrat of sequenced ckn^ with the fiised 
"52(0-38" sequo^ indicated that ctone "38-18" nuid resanbles tte deared 
sequence. It contained one fflor at amino add 43 Qn framework region 2, i.e. , 
FR2), changing alanine to ttneonine and oth^ errors in tb& con^ant r^on. 

30 Overiap PGR was p^ormed (see Figure 6) to create die correctly fiised 

light chain sequtoce by using tonplaies which were correct for diffewit regions of 
the variable and the conaant region, and at the same time, to incorporate tte phoA 
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junction. pSYC1087 was used as tl» pboA t»q)late. "OS-IT was used as a 
template for FRl, O^Rl, and FR2 because it possessed the conea amiiu) acid, 
tineonii^ at posidon #43. "38*18" was used as the template for FR2, CDIt2, 
FRS, CDR3^ and FR4. Anmto done, "38-17" was used as template for the FR4 
and tte con^ant r^ion. Exiting pnmers w^ used to cteate products wbidi 
would anneal to each c^her in second aiul tlmd round exteosions. Pximer W, 
LWOl, and li^ chain junction primer Y, LW17, wm used to amplify 
pSYC1087. Ugbt diain junction piim^ X, LW16, ami (XC27 amplified "08- 
ir. CIXIZ7 was described earii^ and anneals to FR2 ami CDR2 r^ons. 
10 CLC26 and CLCZO anq)lified "38-18". CLC26 anneals to GDRl and FR2, while 
CLC29 animals to FR4 and i»tt of the ccmstam legimu C3jC30, a p^ect 
complmrat to CIjC29, and Z primer LW20 amplified "38-17" to provide the 
correct constant region. 

In the second round, PGR pnxhu^ from pSYC1087 and "08-11" were 
15 melted, reannealed at the plK>A-FRl juration, and extended to create a longer 
fragm^tiiat contains conect sequooe iq> to CDS2. Prochicts from "38-18" and 
"38-17" were melted, reannealed at tte CIJC29-20 junction, and extraded to form 
a longer fragment, which contains sequrace from CDRl to the end of the constant 
region* The latter second round fragmrat carries the inconect amino ad 
20 alanine, from its {mrat "38-18", and is the source of the problrai for dte final 
ext^ision slq). The two second round products melt and anraal at a large r^on 
^icompassing CDRl, FR2, and CDR2, and ext^ to potsitially fimn d^ final 
phoA-humanized light chain pnxfaict. A probl^ ocoirs because diere are two 
templates for amino add residue 43, wteie oto ^icodes for tfareonii^ and die 
25 other, for alanine. Because at lead half of the tonplates for that position are 
incorrect, the same proportion of tte final products will also bear that ^ror. 

Tte PGR products w^ digested widi Blndl ll and and w^ ligated 
into a pBR322 based vector, similar to tte oi^ for die heavy chain, but minus the 
KT3 tag sequrace. Transformants in MM294 were screened by colony PCR and 
30 by minq>r^ reliction analysis, and potCTtial candidates were sequenced. Clone 
LW206 contains the conea plK>A promote and leader sequmce, and conect 
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variable ami constant r^on amino add sequence for biunanized "SZIK^-SS** light 
chain. 



pLW144, was ait with Nsg and XhcJ and purified. Separately, a PCR reaction 
was performed, using clone LW206 as traiplate, to 2dd a Nsg site al^ad of the 
phoA lead^ sequence. Restriction digest of the PCR product with Nsil and Xho l 
resilted in a fiagmait of aiqnoximately SOObp ready for cloning bdiind the heavy 
10 chain V g^. Ligation and tranrformation (TLW170) into MM294 g. qoM host 
resulted in a large number of inseit-bearing clones. Cbnes TLW170-1 and 
TLW170-3 were sequenced and confirmed to contain correct phoA, l^vy chain, 
the KT3 tag, and light chain sequraces. 



Od& liter of cell culture 1. qqU strain TLW170-1 was inoculated and 
induced for expression of the plasmid ^icoded pn^ins for about 8 hours. 

A tube or flask containing Hi P medium [High Phosphate Meduim (Hi P): 
20 Low ptu>q4iate medium with 10 mM in EH^O^ was inoculated with a colony 
of the cells to be induced ami grown at 30*'C ov^nigbt on a stoker. Cells were 
collected by centriiugation and washed 2X in equal volumes of Lo P medhun 
[Low nio^hate Medium (Lo P): IX MOPS, 0.4% ghicose, 0.15% vitamin free 
casamino adds (LS9), 2 uglwl Bl (thiamine), 0.1 mM KH2PO4, antibiotic 
25 (ampicillin, 50-l(X) iig/wi] and resuq)raded in low pho^hate medium (10 

mis/tube). The cells were resuspended in the original volume in Lo P medium 
I and then diluted 1:50 into fresh Lo P. The cells were imnibated at 30^C for > 6 
j hrs to ov^ndgbt on a shaker. The cdls should achieve a final Am of 
apptoximately 1. 



5 



Pla^d from humanized heavy diain in tte phoA expression veoor. 



15 



Example 7 

Purification of'MmT^m7S<^ S20C9 E. CoH Ex pressed Fab 
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Cells were removed by cCTtnfugadon at 10,000 ipm for 30 min. and 
wastedoiK^inSO miof FBS/Nal^. Ttey were ^oied at -2°C. 

Tte pdlets wac resttq>ended into FBS/NaN3, one peM into 25 ml and the 
second pdM 40 ml. Tlie first was re&ozra at -lO^'C and Oawed at ST'C a total 
S of four times ifffcfadtng the initial thaw. TI^ second pell^ was sonicated fcmr 
times of two mimite duration. Bc^ the fieeze/thaw and sonicatu>n mixtures were 
coitiifiiged at 10,000 ipm for 30 nuQutes. 

The fblk>wing sanq>les were saved for analysis by ELBA: A-cells in 
giowdi media, B-growth media from the first cratiifugation, C-first c^xtrifugation 
10 pell^ CBS/NeiN3 wash, D-fieeze/tfaaw pellet, E-freeze/thaw supmiatant (25 ml), 
F-sonication pdl^ and 6*sonication siq)eniatant (40 ml). 

An SDS-PAGE nonredudng gel analysis was performed on samples A 
through G. Coomassie Bhie staining indicated some Fab in samples A, D, E, F, 
and G. A c-eibB-2 ELISA of fractions A through G indicate activity in A, D, E, 
.5 F, andG. However, the activity in fraction E was found to be higher dia^ 

Snnilar purification piocedures performed on 520C9 (non4mmanized) eo^ressed in 
g. coll also found the highest level of and c-erhB-2 activity in fraction E. 

To isolate Fab (containing the KT3 tagged H diain), a 2ml affinity column 
of Protein G Sq>harose KT3 was wasted with 3 cohmm volumes of 0.1 M 
20 NajCOa, pH 10.5, and then a large vohune of FBS/NaN,. A sanq>le of each 
sup^natant (20 ml of E and 35 ml of G) were separately passed ovier the same 
column. Afte^the sample loading was conq>l^ the cohmui was washed with 10 
ml of FBS/NaNj whkh was added to tf^ flow-throu^ vohune. Tte material 
bound to tte column was ehited using 10 ml of 0.1 M Na^O,, pH 10.5. The 
25 eluate was immediately neutralized and tte protein concratratimi ctemnii^ using 
Pi^ce Coomassie reagent: the sonicated duted matmal fimn sample gave a 
coiK»itration of 28 iig/val ami the freeze/thaw santple gave 7 pg/ml. SDS-PAC3E 
analysis of the starting material, the flow through, and the eluate, shows there is 
stiU a large amount of the Fab in the flow through of both the fneeze/tiiaw and the 
30 sonicated procedures. 
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Reoaturation Studies of Fab Produced in E. Coli 
KiKiamiation of Fab produced in E. £fiU was aiccessfuUy p^onned using 
procedures described in Buchn^ ami Rudolph, Bio/Technology 9:157-162 (1991). 
S Using conditicms ctesoibed as of^imal by Buchi^ and Rudolph humanized 520C9 
Fab (TLW170-1) with bimling activity to c-aftR-2 has been produced. 
Fu]ti^nm)ie, activity in the cnute extract was obtained in absrace of 
(tenaturation/renatuiatkm for two versions of tbt hnmamrpA 520C9 Fab (from 
clones 170-1, 169-1). 

E SS^ were grown ov^ght in 2S mis of HiP medium. The cells were 
harvested by cCTtrifiigation (10 minutes, 6,000 rpm in two IS ml tubes), washed 
once in low pho^hate medium. Hie cells contained in 1 tube (equivaloit to 12.5 
nds of the IffiP medium) were used to iiuxnilate the low pto^hate culture, which 

15 was grown at SO^C for 7 houn. Hie cells were harvested by cmtrifugation and 
combined into one 50 ml cratriiiige tube. Tte cdls were dtto- frozm at -20**C 
overnight or treated with lysozyn^. 

The freshly collected or thawed cells were resuspended in 50 mis of 0.1 M 
Tris Cl, pH 7.8 comaining 20 mM EDTA and 0.5 mg lysozyme/ml at room 

20 temperature for 1 hour. The lysed cells wctb centiifuged at 20,000 rpm for 25 
minutes and the aipematarrt stored frozen until they were assayed. Breakage was 
evidrat by the gd-like nature of the aisp^ision. The pellets were washed with 50 
mM Tris Cl, pH8, containing 20 mM EDTA. Sonication of oi^ batch was used at 

1 this ^age to break up tiie pell^ and provide b^t^ extraction. 

25 The peltos were resuspraded in 50 mM Tris Cl, pH 7.8, containing 1% 

Triton X-100, 0.5 M NaCl, and 20 mM EDTA, The pellets were collected by 
centrifiigation and washed twice with 50 mM Tris Cl, pH 7.8, containing 20 mM 
EDTA. To the drained pellets were added 0.1 M Tris Cl, pH8, containing 6 M 
guanidine HCl, 0.3 M dithiothreitol, and 2 mM EDTA. The susprasion was 

30 vortexed occasionally at room traiperature for 1 tour and the pellet collected by 
centrifiigation at 40.000 rpm for 15-20 minutes. The pellet was reextracted with a 
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smaller v hnne of denatoiant in ne nprament. 

The protein concennation was det^mined by Biadfoid analysis. SDS- 
PA6E was nm on the sample wi± and witiunit reduction to (Pennine the punty 
and level of e3q>ression of I^. 
5 Rraatuiatipn was £u:faieved by dibting ti^ goanidine/DTE solution of Fab 

into 0.1 M Tds Q, pH 8.2, containing 2 mM EZXTA, 0.2 M L-aiginii^, aiKl 2 
mM oxkiized ^utatUume. The final dilution of the ¥db was 1:100, whk^ 
produces a final conceotratkm of 3 mM DTE in the redox system. The 
rniatutation buff^ was brought to 11*^0 bdme dilution was 

0 R^hs and Discussion 

Time Depend ence of Renaniration of Pell^ F: 

A pellet (F) (see section VI for details), produced from 170-1 hiraianized 
S20C9 Fab in g. ssH was extracted with guanidine and DTE and renatured as 
described above. The tc^ prot^ concentration in the renaturation Imffer was 35 

15 and 18 /ig/ml. Because the pdlet during washing looked as if two layers were 
being separated during centtifugatiott, an attempt was macte to separate tton, 
resulting in two fractions. SDS-PAGE analysis did not indicate any differraces 
b^een die two fractions. 

To CTable aU of the assays to be done at once, dilutions from the 

ZO guanidine/DTE solution of Fab (store at room temperature) were made at various 
times and rraiaturation darted at 11 ""C (lOX was intraded). Dihitions were 
performed by adding 1(X) ^ of Fah/guanidine/DTE solution to 10 mis of 
renaturation buffer (which had bera ^red in Ute refrigerator). After 86 hours of 
roiaturation, the samples wm all assayed at the same time. Tte staggered times 

25 of rraaturation were 86, 74.5, 38.5, 16.5 and 0 hours of rraaturatum. The buffer 
control produced no signaL Acdvity was detected in all saxiq)les. The best 
recovery of activi^ was seen with the longest time of renaturation. Because no 
positive control was possible, theextoit of the recover of activity could not be 
estimated* 

30 Tl^se samples were assayed again about 3 days later. The activity was 
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again observed, but ttere was less difference b^een the dioitest and longest 
times of rena t u r ati o n. This was expected as all of the molecules reached the 
"plateau" r^^m described by Buchi^ and Rudolph. 

The^ e3;)^iments ctemonstrate that roiaturation of Fab prodiured in 
was possible ami diat the humanized vwaon of 520C9 rrfbkted and was active. 

Cossentration of "Tune DepeiKi CTce'' Sample : 

About 6 days after the start of tte rsiaturation studies, all the samples weie 
pooled and concratrated on a stirred ultiafiltFation device. Tte concentrate was 
stored at 4*^0, and became clcnidy. 

RenaturationofPtellet f- 

Moa of the guanidine/DTE solution of pelto F was left after the time 
dq)endence ^dies described above, ThOTftjre, tte remaimter was diluted 1:100 
into rwiaturation taffer and incubated at ITC. EUSA assays revealed activity. 

Renaturation of TLW17Q-1! 

The cells from 500 mis of medium induced for 7 hours at 30**C were 
treated with lysozyme and die aipematant collected by centrifiigation. Tlie pellet 
was extracted widi 4 mis of guanidine/DTE. Because of tte presence of DNA, 
the pellets resranbled rubber before extraction. Bradford analysis showed that the 
amber colored 40,000 rpm supernatant contair^d 3.2 mg of prt«ein/ml. The 
protein was dihited into 340 ml of renaturation buffer ami hKru^ C- 
erfoB-2 binding activity was obsenred by ELISA. 

SDS-PAGB showed tfiat Uttle or no 50,000 MW Fab in the pellet was 
extracted by SDS sample buffer that did not contain reducing agMt However, a 
strong band having a molecular weight of about 25,000 was obtained whM the 
25 pell^ was extracted with SDS in reducing agent. 



20 



Comparison of Humani?^ and Murine Fah<f 

169-1 and 170-1 are two different versi ns of humanized 520C9 Fab; 46-1 
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is the murine 520C9 Fab expxessed in g. cqM. Extraction of the cells c^itained 
ftom 500 mis medium with 1 ml of guanidine/DTE gave tc^ protein 
coiKcntiations (measured by Biadfoid a^y) of 2.78, 3.81, and 5.22 mg^ml, 
re^iectivdy. Extraction nf riia igmfltmng pft^H m additional 0.75 ml of 
guanidine/DTE gave ooroemrations of 2.72, 1.92, axut 3.32 mg/mU ieq)ectively. 
Tte tcrtal samples (1.75 ml) were diluted sepaiatdy into 175 mis of reixaturation 
buffer axui inoibated at llX. fij^binding surtivity was dis^ved with all three 



Bxtiactian of the pellet with SDS withcmt redudng ag^ did not solubilize 
Fab pnxiuced by 169-1 and 170-1; however, tiie murine Fab, 46-1, was 
sohibilized. AU three Fabs wm soIubiliTsd by SDS containing redmdng agrat 



Isohtionof Fab: 

The initially refi3lded Fab pellet, TLW 170-1 (which wzs concentrated to 
about 5 ml), developed scmie turindity after concentration. A one ml sample was 
15 dialyzed against 20 mMTris CI, pH 8.3, ovCTii^ at 4*C. The sanqjie was 
cemiifuged at 100,000 x g for 30 minutes and the aipematant separated by 
chromatography usmg a Poros strong anion exchange cohmm (0.5 mJ fractions 
collected). WhM tfie san^Ie was originaUy conce^rated (brfbre tte tuibidity 
developed), the tcwal protein concMtration was 240 fig/nH and wh«t analyzed by * 
nonredudng SDS-PAGE gd the Fab was just barely visible with Coomassie 
staining. By estimating tiie protdn comsoidBtion iKtsed on tiie intensity of Gaining 
theyieldofFab wasd^aDminedtobe about50ftg/ml. Tlie otire sample was 
injected onto the anion exdmnge oohimn and developed with a NaQ gradimt in 20 
mM Tris CI bufe^, pH 8.3. Peak tubes were analyzed by SDS^PAGE witii sQver 
25 stain. A murine Fab generated by papain digestion was used to idratify the 

relative chiomatK^rq>hic eluticm time. However, gel analysis &iled to diow any 
FAb band in any of the peaks. An additional sample, however, showed good 
activity on the SKBr3 TNN plate coat zssay. 

Thus, both murine and hunonized 520C9 Fabs are activ and can be 
30 renatured from guanidine in ai redox system. 
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Laige samples of B. COii; ejqnessiiig murijoe 52(0 (46-1) Imve been 
grown at lower tenq«atines (23** and 27'C) to increase tte amount of soluble 
Fab. A 10 Ut^ sanq>te was induced and grown at 2T*C before the cells wm 
coltected. Tte poqilasmic sfmct was q»ied to release the soluble, sealed Fab 
5 localized to the poiplaanic qiace. This material ccmtaii^ active, soluble Fab, as 
measured by SDS-PAGE and ELIS A. Tte Fab otained from the perq>lasmic 
space was concentrated ami analyzed bdbre it was passed over a column of 
immobilized c-erbB-2 extracellular domain. The column was washed and then 
eluted with a high concratration of liCl (3.SM). Frcmi one-tenth of the 
10 "perq)lasmic Fab", about 400 fig of Fab was recovCTed. Fab that was not retained 
by the c-erbtB-2 column was nm active when assayed by a SDS*PAGE western 
bloL 

Analysis of the murine 520C9 Fab (46-1) recovered from the affinity 
chromatography cohmm showed essentially the id^cal results wlrai compared to 
15 aproteolytically produced sample of 520C9 Fab in an EUSA assay. Tbwefore, 
it zfpcm that the a ss o ri a tio n constant of the recomhiimnt Fab is the same, or 
nearly the same (wfthin eaqramratal mor), as the Fab made from mtact 52{K:» 
antibody produced in ascites cdls. 

20 A$ »Y8 m Recombmant Humanized S20C9 Fah 

Tbs imrpose of these ejqraimrats was to determine if humanized 52(X» 
Fab expressed m fi. cag is equable of binding c-erhB-2. 

Triplicate sets of uninduced ami induced £. ^ samples containing 
humanized 520C9 Fab {not refokled) were run on non-rediKing SDS PAGE and 

25 we^em blotted onto a monbiane. Two sets wctb prdb&d with HRP-monoclonal 
anti-human kappa chain or with HRP-KT3, Le., an antibody specific to the 
oligopq>tide arul TPPPEPBrr conjugated to torse radish peroxidase. A third set 
was probed with c-ahB-2 ECD-HRP. ECD-HRP is torse radish peroxidase 
conjugated to an antibody specific for c-erbB-2 (Nu2) ECD, an extraceUular 

30 domain (BCD) of c-erbB-2 expressed in a secrrted form from baculovinis infected 
SF9 insect ceUs (the Nu2 construct has the TPPPEPET polypepticte sequence 
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repladfig tiie transm^biai^ domain of c-eihB-3. A namb^ of mmspcdRc bands 
deydq)ed in b(Hb ^ititwinrftrf and imhiced lai^. One additional band with near the 
expected mobility for Fab may have ^eloped only in tiie imhiced lanes, but was 
so dose to anmfaer nonspecific band that k ccmld be seen only as a widening of the 
lane. 

Fab ficagmait g^raated finom mm-qiecific human IgG was bound directly 
to PVC micn^it^ wells and ptdbod with Zymed™ goat anti-human antibody. 
Some signal was sera, but the signal was weak at tiie probe dilution used on the 
humanized Fab sanq>les. 
10 To avoid tte unceitaiaties of using the goat anti-Imman prc^, an BUS A 

was pofbnned using wells ccsited with SK*Br-3 Tt^ cell extract, this exttaa is a 
scmn:e of cdl expisssed c-«bB-2 that does iK>t b^ ti^ Tb& 
presence of g. coli produced Fab bound to the cell extract was detected with KT3- 
HRP. A reassay of humanized Fab samples with tfus protocol showed activity in 
15 various fractions, with the higher activity in the freeze/thaw aipematant Active 
Fab could not be quantitated in absolute trans for lack of a purified ^andard. 

Refolded samples containing humanired S20C9 Fab w^ assayed with the 
SK-Br-3 TNN/Kn-BEP EEISA. Samples showed over a ten-fold imsease in 
activity flmt occurred aft^ 86 hours of refolding. 
20 The refolded sanqples were reassayed with the same EUSA after an 

additional three days rrfolding time. Some further inoease in activity was ^en, 
but the ELISA oirves flatt^^ Some sainples refol(ted for longer times showed 
less activity; this could have been caused by proteolytic degrathtion among other 
causes. Sanqiles from humanized ckmes 169-1 aiui 170-1 were active. 
25 Humanized S20C9 Fab from both clones (169-1 and 170-1) is active. 

Refolding can increase activity more than 10- fold. 

PiQloHc;^ Ppppsfe 

On Macdi 24, 1992, Applicants have deposited with the American Type 
Culture CoDection, RockviUe, Md., USA (ATCC) the plasmid pLW187, described 
30 herein ATCC accession no. 68942. This dq)Osit was made under tiie provisions 
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of tbe Budqwst Treaty OT tiie Interaaiional Recognto 
Microorganisms for tte imposes of patent procedure and tte Regulations 
thereunder (Bud^ lYeaty). ITus assures maintenance of a viable culture for 30 
yean from date of <^x>sit The oiganians wiU be made avaikble by ATCC 
5 under tbetenns of the Budi?)est Treaty, and subfect to an agieemeat between 
Applicants and ATCC which assures unrestricted availability upon issuance of the 
pertinent U.S. patent. Availability of the dqwsited strains is not to be construed 
as a license to practice the invention in contravention of the lights granted under 
ti» authority of any goveramem in accordance with its patent laws. 

10 Eqwivajlpms 

All pubUcations and patents mentioned in the above spediication are herein 
incoiporated by lefiBrence. Hie foregoing written specification is considered to be 
sufficient to enable one skilled in the an to practice the invention. Indeed, various 
modifications of the abovesiescribed modes for canying out the invention which 

15 are obvious to those dolled in the field of molecular biology or related fields are 
intoided to be widiin die scope of the following claims. 
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WBCLAIM: 

Iv An immmiogloimUii conqnising, a hiimanTTiRri variable r^ion, 
wbeida said variable r^ion is a memb^ of a functional of variable xegions 
q3ecific for binding to 

2. An jfnimntn glhh iiKn acoQEVfing to daim 1 , said inununc^Jotnilin 
further comprising, at least a poxtkm of a human immunoglobulin constant region. 

3. An immunc^lofaulm according to daim 2, wl^dn said constant 
region is a complete constant region. 

4. An immunoglobulin according to claim 2, wfaerein said tmmanized 
variable region and said constant r^ion are of the sme dudn type. 

5. An immunoglobulin according to daim 4, wherein sdd chain type is 
heavy chain. 

6. An immunc^Iobulin according to claim 4, whmin said dmin type is 
light chain. 

7. An immuiKJglotmlin motecule according to daim U wherein said 
inununoglobulin further comprises in operable combination, a tead^ sequem:e. 

8. An immunogld)ufin according to daim 2, said minninoglT ^iiti 
furthCT comprising in op^able combination, an oligopeptide tag, wherein said tag 
is joined to said constant r^on. 

9. A muM-polypeptide immunoglobulin, comprising an 
immunoglobulin according to daim 1. 
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10. A multi-polypq^cfe immunoglobulin according to rlnim 9, 
comprising in (q)eiable combination, 

a) a first immum>gkdmlin nK>lecule comprising, a first hntnaniyfri 
variable xi^on, wtedn said variable region is a member of a 
fimctiomi pair spedfic for c-abB-2, and 

b) a second immunc^lobulin motecule omiprising, a second hirniany^ 
variable r^ion, wterran said second variable region is a mfflibo- 
of the same fuiKrtional pair as said fii^ immunogldnilin variable 
region. 

11. A muM-polypeptitte immunoglobulin according to chim 10, wh^in 
said first immum^dMiKn molecute further comprises a first conrtant i^on, and 
said second immunoglobulin molecule further comprises a second constant region, 

12. A muW-polypqrtide immum)gk*ulin according to claim 11, whaein 
said first con^aitt r^n of said is a heavy diain constant region, and said second 
contiant region is a light chain con^ant region. 

13. An inununogldmlin according to claim 12, wherem said first 
variable region and said first constant region belong to die same chain class, 
wherein said second variable region and said second constant region belong to the 
same chain class. 

14. A muM-polypq^ unmunoglobulin according to claim 12, said 
aggregate furttu^ conq)rising a therqieutic moiety. 

15. A multi-polypeptide immunoglobulin accordmg to cLiim 14, wherein 
said tfier^)aitic moiety is sdected from the grcnqj consirting of, toxins, 
radionuclides, ladioKipaque imaging compounds, enzymes, drugs, and pro^s. 
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16. A audeotide seqaodce, said mideodde seqaoure ^icoding a first 
hrnnanmyi variable ts0sm seqirasoe, wteem said variable legixm is a mmber of 
a fimctiond pair specific for c-^bB-2. 

17. A midemiste ^pience accordiiig to daim 16, saM seqoem^ finti^r 
compriang at leaA a poitton of a lunnan con^ant rc^^ 

18. An e^qnesdoii ve^r, said vector con^msii^ in (q)mble 
combioadon, apromot^ sequence^ operaUy joined to a mideotide sfgnfmr 
accoicBng to daim 16. 

19. A nudec^ide asqueme oonqirising a first nucleotide sequence 
accotding to daim 16, a second nudeodde sequrace according to daim 16, 
wh^dn what the variable regicms encoded by said nudeoticfe seqttences of form a 
functknial pa& specific for &«tiB*2. 

20. A diec^ientic conqxisition comprising, an effectiye amount of a 
muld-polypq^icte inununogtdmlin accoiding to daim 9. 

21. A cell tnmsfbrmed with a vector according to claim 18. 

22. A method of rittfecKng cardmmia odls, sakl medind t^ymppiring the 
stq) of, administering a conqxsuiKi aocordihg to daim 1 to a padeoL 

23. A method of treating a canc^ patient, said m^Kxi conqmsing the 
stq> of administering a co mp o un d accoiding to daim 1 to said patient 
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COMPLETE NUCLEOTTOE SEQUENCE OF 
lUMANIZED ANTI-erbB2 520C9 Fab LW218 CH.28;L-38] 
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PRIMERS FOR INTRODUCING ANTIBODY SEQUENCES 
INTO A pBR BASED EXPRESSION VECTOR 
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